Obstructive sleep apnea (OSA) has been implicated in aortic dissection. Thrombosis of the false lumen is associated with a prognosis of type B aortic dissection (AoD), and partial thrombosis has been reported to be an independent predictor of mortality. This study sought to explore whether the severity of OSA is associated with false lumen thrombosis. Aims and Methods: In this observational study, 151 type B AoD patients were recruited consecutively from 2013 to 2015. The status of the false lumen was classified as patent, partially thrombosed, or completely thrombosed based on a computer tomography angiography image. Patients were divided into non-OSA group (apnea-hypopnea index [AHI] < 5), and mild (5 ≤ AHI ≤ 15), moderate (15 < AHI ≤ 30), and severe OSA groups (AHI > 30) using the AHI. Results: The prevalence of OSA in type B dissection was 66.2%. Among 151 cases, 51 patients (33.8%) were in the non-OSA group, 56 (37.1%) were in the mild group, 21 (13.9%) were in the moderate group, and 23 (15.2%) were in the severe group. Additionally, a partially thrombosed false lumen was observed in 88 patients (58.3%). Multivariable analysis revealed that OSA severity was positively associated with partial thrombosis (odds ratio, 1.784, 95% confidence interval: 1.182-2.691, P = .006) after adjusting for other confounding factors. Conclusions: OSA was present in two-thirds of patients with type B AoD. The severity of OSA was significantly associated with an increased risk of partial false lumen thrombosis. OSA may therefore be implicated in both the etiology and prognosis of AoD.
INTRODUCTION
Aortic dissection (AoD) is a life-threatening condition with poor prognosis. 1, 2 According to the Stanford system, type B AoD is defined as involving the descending aorta or the arch (distal to the left subclavian artery) without involvement of the ascending aorta. 3, 4 More than 60% of deaths associated with acute type B AoD result from local aortic rupture, usually of the false lumen. 5 The status of the false lumen can be classified as completely thrombosed, partially thrombosed, or patent. In a report of 201 type B dissections from the International Registry of Acute Aortic Dissection (IRAD), 56.7% of patients had a patent false lumen, 33.8% had partial thrombosis of the false lumen, and 9.5% had complete thrombosis of the false lumen. 6 Complete false lumen thrombosis is an independent predictive factor of false lumen stability, 7 associated with a relatively good outcome. [8] [9] [10] Conversely, partial false lumen thrombosis is an independent predictor of poor prognosis. 6, 11, 12 Patency of the false lumen is associated with aneurysmal dilatation, which may also lead to poor outcome. The IRAD investigators reported that partial thrombosis of the false lumen was a stronger independent predictor of post-discharge mortality than either complete thrombosis or no thrombosis. Patients with partial thrombosis had a relative risk of death 2.69 times greater than that of patients with a patent false lumen. 6 Obstructive sleep apnea (OSA) has been implicated in AoD since the 1990s, 13 and observational studies have demonstrated a high prevalence of previously undiagnosed and frequently severe OSA in patients with AoD. 14, 15 As OSA leads to increased sympathetic excitation, oxidative stress, and abnormal hemodynamic status, [16] [17] [18] [19] this raises the possibility that OSA may have impact on false lumen thrombosis.
In this study, we sought to determine the prevalence of OSA in type B dissection patients and investigate the potential association between the presence and severity of OSA, and the status of the false lumen. Figure 1 illustrates how patients were selected for the final analytic cohort. A majority of the AoD patients admitted to Guangdong General Hospital were referral patients (most patients had their initial CT scan in other hospitals or the emergency department at the time of dissection). Our division admitted only those with type B dissection. We have routinely performed sleep testing on type B dissection patients admitted to our division since 2013. Exclusion criteria for this study included (1) patients receiving sleep disorder treatment or medication that could affect sleep monitoring; (2) patients unable to complete normal sleep cycles due to acute ache, unconsciousness, shock, or other life-threatening emergency situations; (3) patients refusing to participate 
MATERIALS AND METHODS

Subjects
Sleep Study
Compumedics Somte V2 (level 2), Philips PDX (level 3), and Apnealink portable sleep monitors were used to monitor nasal airflow pressure, chest movement, and fingertip oximetry for at least 3 h effective recording time in the night (107 patients were recorded using level 3 portable monitors, 36 were recorded using level 2 portable monitors, 8 were recorded using both level 2 and 3 portable monitors at different nights during hospitalization, with the higher index of the 2 tests recorded as the final apneahypopnea index [AHI]). We used American Academy of Sleep Medicine rules (version 2.0) for the scoring of sleep and associated events. We evaluated respiratory events using the AHI based on nasal airflow pressure changes, chest movement, respiratory effort, and oxygen desaturation. Respiratory events were scored as apnea when the following 2 criteria were met: (1) there was a decrease in the peak signal excursion by ≥90% of the pre-event baseline using an oronasal thermal sensor and (2) the duration of the ≥90% decrease in sensor signal was ≥10 seconds. Respiratory events were scored as hypopnea if the following criteria were met:
(1) the peak signal excursions decreased by ≥30% of the preevent baseline using nasal pressure; (2) the duration of the ≥30% decrease in signal excursion was ≥10 seconds; and (3) there was a ≥3% oxygen desaturation from the pre-event baseline. OSA was defined as 5 or more episodes of apnea and hypopnea per hour of sleep, more than 50% of which were determined to be obstructive rather than central. Patients were divided into non-OSA, mild OSA (5 ≤ AHI ≤ 15), moderate OSA (15 < AHI ≤ 30), and severe OSA groups (AHI > 30) using the AHI. Approximately 67.5% (102/151) of type B AoD patients had their sleep monitored within 14 days of admission to the tertiary hospital, 9.9% (15/151) of patients had their sleep monitored within 3 months, and 22.5% (34/151) of patients had their sleep monitored more than 3 months since admission.
Laboratory Examinations
We performed laboratory examinations for all the AoD patients admitted to our division based on medical tests that referred to the 2010 ACCF/AHA guidelines for the diagnosis and management of patients with thoracic aortic disease. 20 The medical tests included total cholesterol, triglycerides, low-density lipoprotein cholesterol, serum creatinine, blood urea nitrogen, uric acid, glutamic-pyruvic transaminase, glutamic oxalacetic transaminase, D-dimer (DDI), N-terminal brain natriuretic peptide precursor (NT-proBNP), glycated hemoglobin, procalcitonin, erythrocyte sedimentation rate, and C-reactive protein. All laboratory tests on blood samples were run in real time for clinical purposes and were performed in the Laboratory Department (application of ISO 9000 Quality Management and Assurance Standards) in our medical center using standard examination methods.
Interpretation Criteria for Whole Aorta Computer Tomography Angiography
The status of the false lumen was classified by imaging as patent, partially thrombosed, or completely thrombosed. 2 The false lumen was classified as patent if flow was present and thrombus was absent, partially thrombosed if both flow and thrombus were present, or completely thrombosed if no flow was present. Since intimal tears could not be located in the context of complete thrombosis, we could not always distinguish between a completely thrombosed false lumen and intramural aortic hematoma.
The aortic diameter measurement protocol was as follows: A Philips Brilliance iCT 256 scanner was used to image the aorta from above the aortic arch to the iliac artery bifurcation in all patients. The average thickness of the aortic CT imaging slice was set to 5 mm. All data were transferred to an imaging workstation (Extended Brilliance Workspace, Version 4.0) and reviewed by an experienced radiologist and an aortic disease team with 4 cardiologists. The aortic diameter was defined as the average of external anteroposterior and transverse diameters on cross-sectional imaging perpendicular to the long axis of the aorta. Measurements were made at the ascending aorta (1 cm above the aortic valve), the thoracic aorta (at the pulmonary trunk bifurcation level and the diaphragm level), and the abdominal aorta (1 cm below the diaphragmatic hiatus). An intimal tear was defined by presence of an intimal flap contributing to formation of true and false lumens. Eighty-nine patients refused to take the sleep test or suffered from life-threatening emergency situations. Of the remaining 224 patients, 18 patients were excluded as their sleep data were unavailable to be analyzed, 45 were excluded due to a lack of CT imaging before interventional therapy or surgery, and 10 were excluded because they were diagnosed with type A dissection by standard CT reexamination. Thus, a total of 151 type B dissection patients enrolled in this study.
Prevalence of Sleep Apnea-Wang et al.
One hundred eleven patients (73.5%) underwent standard aortic computer tomography angiography (CTA) in our medical center during the acute phase (≤14 days), 32 (21.2%) underwent this procedure during the subacute phase (≤90 days), and 8 (5.3%) underwent this procedure during the chronic phase (>90 days). All aortic CTA data were collected before any aortic endovascular repair. As most patients admitted to our medical center were referral patients, the initial CT scan at the time of dissection was performed in other hospitals or the emergency department. To avoid the influence of different CT measurement strategy, we did not analyze the "initial CT scan image" performed in other hospitals. Only the CTA image performed in our medical center was used in the following statistical analysis.
Statistics
Univariate analyses of normally distributed continuous variables, expressed as the mean ± SD, were performed using a 2-sided t test or one-way ANOVA for comparisons between different OSA groups and different false lumen groups. The natural logarithmic transformation was applied to variables that were positively skewed. Non-normally distributed continuous variables, presented as median and interquartile range, were analyzed using the Wilcoxon rank-sum test, Mann-Whitney U test, or Kruskal-Wallis H test. Ordinary variables, also presented as the median and interquartile range or percentages, were analyzed using the Wilcoxon rank-sum test or Kruskal-Wallis H test. Pearson's chi-square or Fisher's exact tests were used, as appropriate, for categorical data, expressed as percentages. The Cochran-Armitage trend test was used to identify the relation between OSA severity and the proportion of partial thrombi.
Univariate/multivariate associations between clinical variables and false lumen status were estimated by logistic regression analysis. Clinical variables that were significant at P < .05 in univariate analysis along with clinically important factors were included in the multivariate analysis and clinically meaningful interactions were also examined. Subsequently, sensitivity analyses that included only the data from patients undergoing standard CT imaging in our hospital ≤14 days from presentation (n = 111) were conducted.
The data were analyzed on an available case basis, and missing data were not imputed. All data analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and IBM SPSS 22.0 (SPSS Inc., Chicago, IL, USA). A 2-sided p-value < .05 was considered statistically significant.
RESULTS
The Prevalence of OSA Among AoD Patients
A total of 151 patients completed the study. The prevalence of OSA in type B dissection was 29.1% using an AHI cutoff ≥15, and 66.2% using a cutoff of ≥5. Of these 151 patients, 56 patients (37.1%) had mild OSA, 21 (13.9%) had moderate OSA, and 23 (15.2%) had severe OSA.
General Clinical and Imaging Features Within Different OSA Groups
There were no significant differences in age, gender, history of hypertension, body mass index (BMI), HbA1c, lipid indexes, liver function, renal function D-dimer, pro-BNP, and markers of inflammation between the 4 OSA groups (Table 1) .
There were significant differences in the number of intimal tears and number of involved branches between the 4 OSA groups. However, there were no significant differences in left ventricular posterior wall thickness (LVPW), interventricular septum thickness (IVS), or the diameter of the ascending aorta, thoracic aorta, or abdominal aorta (Table 2) .
General Clinical and Imaging Features Within Different False Lumen Groups
Among the 151 patients, the false lumen was partially thrombosed in 88 (58.3%), completely thrombosed in 31 (20.5%), and patent in 32 (21.2%). Age was significantly different among these 3 groups (P < .001), but there were no significant differences in gender, BMI, or hypertension history (Table 3) . D-dimer was significantly different according to false lumen status, with a median of 1125 ng/mL, 2340 ng/mL, and 1550 ng/ mL in patients with complete thrombosis, partial thrombosis, and a patent false lumen, respectively (P = .002). In addition, NT-proBNP was significantly different in all 3 groups (P = .041). No significant differences were observed in HbA1c, lipid indices, liver function, renal function, or inflammatory markers ( Table 3) .
The diameter of the abdominal aorta was significantly different with a mean diameter of 21.45 ± 4.03 mm, 24.78 ± 6.43 mm, and 24.94 ± 4.14 mm in patients with complete thrombosis, partial thrombosis, and patent false lumen, respectively (P = .013). There were significant differences in the number of intimal tears and number of involved branches between the 3 groups (P < .001). There was no difference between the 3 false lumen groups in terms of LVPW, IVS, or the diameter of ascending aorta or thoracic aorta (Table 3) .
Association Between OSA Status and False Lumen Status
The presence of partial false lumen thrombosis increased significantly with increasing severity of OSA (non-OSA group 41.2%, mild OSA group 60.7%, moderate OSA group 66.7%, severe OSA group 82.6%, P = .001 for the trend) ( Figure 2) . Similarly, the severity of sleep apnea was positively associated with a partially thrombosed false lumen (odds ratio [OR]: 1.833, 95% confidence interval [CI]: 1.283-2.618; P = .001).
As intermittent hypoxia (IH) is associated with AoD, we also analyzed the hypopnea index (HI) and oxygen desaturation index (ODI) in relation to false lumen status. The median ODI was highest in the partially thrombosed group, but differences were not significant (P = .504). There was a significant difference in HI between the 3 false lumen groups (P = .032), and the median HI was also highest in the partially thrombosed group (Table 4) .
Multiple logistic regression analysis (included variables: age, gender, BMI, the number of involved branches, OSA severity, D-dimer, the diameter of the thoracic aorta AoD = aortic dissection; OSA = obstructive sleep apnea; BMI = body mass index; LDL = low-density lipoprotein cholesterol; TG = triglyceride; TC = total cholesterol; BUN = blood urea nitrogen; Cr = serum creatinine; UA = uric acid, glutamic; eGFR = estimated glomerular filtration rate; ALT = glutamic-pyruvic transaminase; AST = oxalacetic transaminase; CRP = C-reaction protein; ESR = erythrocyte sedimentation rate; PCT = procalcitonin.
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Prevalence of Sleep Apnea-Wang et al. Table 2 was also related to a partially thrombosed false lumen (Table 5) . We examined the interaction between the AHI and D-dimer in the logistic regression model and found that there was no interaction between them (P = .449). The interval between standard CT scan in our hospital and sleep study may be a factor that would have an impact on the results. With this concern, we explored the interval time (from standard CT scan in our hospital to sleep study) and the interaction of the interval time and OSA in the regression model and no effect was observed (P = .883). There was also no significant difference between the different OSA groups and the time interval from presentation to standard CT scan in our hospital (Supplementary Table 1 ). In a sensitivity analysis, we included only data from patients who had standard CT scan in the acute phase (n = 111) and still found severity of sleep apnea to be independently associated with a partially thrombosed false lumen (OR: 1.660, 95% CI: 1.050-2.625; P = .030) (Supplementary Table 2 ).
DISCUSSION
In this prospective observational study in a clinical series of 151 patients with type B AoD, OSA was present in 66.2%, and the prevalence of partial thrombosis of the false lumen increased with increasing severity of OSA. The status of the false lumen is an important predictor of type B AoD prognosis. 6 The propagation of the false lumen causes much of the morbidity associated with AoD, through the disruption of flow to branch vessels, rupture into the pericardial sac, or obstruction of the true lumen. Currently, the leading view is that partial thrombosis is related to poorer outcomes in type B dissection. Tsai et al. found a mean 3-year mortality rate for patients with partial thrombosis of 31.6 ± 12.4%, higher than that for complete thrombosis (22.6 ± 22.6%) or a patent false lumen (13.7 ± 7.1%). 6 One explanation is that the formation of a partial thrombus occludes distal intimal tears usually present in the aorta, thus increasing pressure in the false lumen and increasing the risk of further dissection and rupture. Other studies have found that partial thrombosis was predictive of greater aortic expansion when compared to those with complete thrombosis or a patent false lumen. 12, 21 Patients in this study had higher prevalence of partial false lumen thrombosis than the IRAD study of 201 type B patients (58.3% vs. 33.8%). 6 One possible explanation is that the status of false lumen may change overtime as most of the patients in the IRAD study performed CT scan within 24 h of onset, whereas in this study, the majority of patients admitted to our medical center were referrals and there was a delay in the performance of a high quality CT scan (more than 1 day).
Little work has been performed on the relationship between false lumen status and OSA severity. In a small study, Inami et al. enrolled 23 consecutive patients with acute AoD. Patients were placed into 2 groups: those with a patent false lumen (n = 10) and those with a thrombosed false lumen (n = 13). The patent false lumen group had a significantly higher AHI compared with the thrombosed false lumen group, and severe OSA was more prevalent in the patent false lumen group (60% vs. 15%, P = .039). 22 Our data are not consistent with these findings. In our larger sample of patients with type B dissection, we demonstrated that thrombosis is affected by OSA severity and that the more severe the OSA, the higher the likelihood of a partially thrombosed false lumen. One possible explanation for the contrary findings of our study may be that the grouping OSA may have various effects on the formation of a thrombus in the false lumen. Hypercoagulability, vessel wall injury, and stasis (Virchow's triad) are the 3 main factors that predispose a vessel to thrombosis. Recent evidence suggests a strong correlation between OSA and hypercoagulability. Chronic IH is considered to be a critical pathophysiological element that leads to hypercoagulability. IH may be responsible for a greater sympathetic nervous system activity in association with elevation of inflammatory (IL-6, IL-8, TNF-α) and oxidative stress markers as well as an increased blood coagulability (increased HCT, increased clotting factors, platelet activation, decreased fibrinolytic activity, etc.), which predisposes patients to thrombotic episodes. Moreover, sympathetic activation, inflammation, and oxidative stress also lead to endothelial dysfunction (vessel wall injury), [16] [17] [18] [19] which may predispose patients to thrombus formation, and may increase the chances of thrombosis in the false lumen. Alternately, OSA also results in greater change in intrathoracic pressure and blood pressure fluctuation 19, 23 , this leads to elevation of shear stresses within the aorta and the aortic transmural pressure, it may interfere with the development of complete thrombosis. Therefore, in the false lumen of AoD patients, 2 opposing forces are at work (Figure 3 ). This may partly answer the question of why severe OSA leads to a higher probability of partial thrombosis in the false lumen.
Recently, Teng et al. demonstrated that sleep apnea was not associated with an increased risk of AoD using a large nationwide cohort database. 24 This result challenge the finding of previous observational studies. 14, 15, 18, 25, 26 However, the study design (diagnoses of SA and AoD that rely on insurance database may be less accurate) and short time follow-up (median follow up was 3.59 ± 2.41 years) may limit the strength of Teng's study. This "negative" result does not contradict the current finding. Our group and Teng et al. focused on different stages of the disease. The role OSA plays in the progression of AoD (after onset) is unknown, and this was exactly what we were interested in. The main finding of this study was that the severity of OSA is significantly associated with an increased risk of partial false lumen thrombosis. Given that partial thrombosis of the false lumen is a strong independent predictor of post-discharge mortality, we postulate that OSA may be implicated in the progression of AoD and is related to a poor prognosis.
LIMITATIONS
There are several limitations to our study. Most of the patients admitted to our medical center were referred to us. Delays in the performance of a high quality CT scan may have impacted the results of this study. However, sensitivity testing, focusing only on those with CT scans in the acute phase of the disease, yielded similar results to those found in the entire cohort.
Second, only portable sleep screening tests were used in our study. Attended overnight polysomnography is still the gold standard for the diagnosis of OSA.
Third, as severe cases could not tolerate the sleep test, one possible selection bias in this study is that the illness may have been more severe in patients excluded compared to those enrolled. A level 4 monitor may be more acceptable for severe cases, but such a device is currently unavailable for use in diagnosis. We had compared the age and sex between excluded and enrolled patients for assessment of selection bias. No difference was observed between these 2 groups in terms of sex (P = .784), but the mean age of patients excluded was significantly older than patients enrolled (59.2 vs. 52.8, P < .001). Possible reasons for this difference may be that older patients are less accepting of sleep tests or have more severe illnesses. We have adjusted for age in the final logistic regression analysis.
Finally, our observational study cannot determine causality and further studies are needed to provide a better understanding of the relationships between sleep apnea, AoD, and prognosis.
CONCLUSIONS
In conclusion, OSA was present in two-thirds of patients with type B AoD. Severe OSA is associated with a higher likelihood of partial thrombosis of the false lumen. Sleep apnea may therefore contribute to worse outcomes in these patients.
